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OutlineOutline

�� Probing Probing ∆∆G through polarized G through polarized p+pp+p
collisionscollisions

�� PHENIX detectorsPHENIX detectors

�� Asymmetry measurements at PHENIXAsymmetry measurements at PHENIX

�� Constraints on Constraints on ∆∆G and global fitG and global fit

�� OutlookOutlook
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∆∆G Through Polarized G Through Polarized p+pp+p

�� ∆∆G is a quantity of interest after G is a quantity of interest after ‘‘spin crisisspin crisis’’ (EMC results at 1988)(EMC results at 1988)

�� Accessible from polarized DIS via scaling violationsAccessible from polarized DIS via scaling violations
�� 22ndnd order interactionsorder interactions

�� Not enough polarized dataNot enough polarized data

�� Polarized Polarized hadronhadron collisions : an ideal laboratory to study polarized collisions : an ideal laboratory to study polarized 
gluon distributionsgluon distributions
�� PertubativePertubative QCD with collinear factorization are the tools to describe the QCD with collinear factorization are the tools to describe the 

datadata

�� RHIC is a unique facility to study polarized RHIC is a unique facility to study polarized p+pp+p collisions at various collisions at various 
energies (62.4, 200, 500 energies (62.4, 200, 500 GeVGeV))
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PHENIX DetectorsPHENIX Detectors
π0, η, γ detection

• Electromagnetic Calorimeter (PbSc/PbGl):
• High pT photon trigger

• Acceptance: |η|<0.35, φ= 2 x π/2
• High granularity (~10*10 mrad2)

π+/ π-, 
e

±, h±

• Drift Chamber (DC) 

• Ring Imaging Cherenkov Detector 
(RICH)

Relative Luminosity

• Beam Beam Counter (BBC)
• Acceptance: 3.0< η<3.9

• Zero Degree Calorimeter (ZDC)
• Acceptance: ±2 mrad about beam axis

Focus : High granularity and high bandwidth

Compromise : Acceptance
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Probing Probing BjorkenBjorken--xx RangesRanges

� Parton momentum fraction 
correlated with produced 
hadron pT shown

� For similar pT of produced 
hadrons, higher energy probes 
a lower x range 

(xT = 2pT/√s)

� Asymmetries at various center 
of mass energies will constrain 
polarized gluon distribution 
∆g(x) over wide range of x

2-2.5 GeV/c

4-5 GeV/c

9-12 GeV/c

2-2.5 GeV/c

4-5 GeV/c

9-12 GeV/c
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UnpolarizedUnpolarized CrossCross--Section and Section and pQCDpQCD

pp→→→→h X: PHENIX Preliminary, √√√√s=62 GeVpp→γ→γ→γ→γ X: PRL 98 (012002), √√√√s=200 GeVππππ0: PRD76 (051106), √√√√s=200 GeV
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(a) PHENIX Data

NLO pQCD
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� Framework of 
pQCD and collinear 
factorization are 
tested with cross-
section measurements

� NLO pQCD

calculations and data 
are in good agreement

� pQCD can be used 
to extract gluon 
polarization 
information from 
asymmetries
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Neutral Neutral PionPion AALLLL
�� The most abundant probe at The most abundant probe at 

PHENIX, triggered using PHENIX, triggered using 
electromagnetic calorimeterelectromagnetic calorimeter

�� ππ00 →→ γγγγ BR ~ 98.8 %BR ~ 98.8 %

�� Well developed method over the Well developed method over the 
yearsyears

�� Sensitive to gluon polarization in Sensitive to gluon polarization in 
leading orderleading order

�� Reconstruct invariant mass from Reconstruct invariant mass from 
photons in calorimeter and photons in calorimeter and 
identify identify pionpion countscounts

�� Combinatorial background Combinatorial background 
determined from sidebandsdetermined from sidebands

�� Asymmetry is corrected for Asymmetry is corrected for 
background background 

√s = 200 GeV

Partonic contributions



DIS 2011DIS 2011 884/11/20114/11/2011

Neutral Neutral PionPion AALLLL

Phys. Rev. Lett. 103, 012003 : √s = 200 
GeV

Phys. Rev. D 79, 012003 : √s = 62.4 GeV

1.51.514145757575720092009

0.660.666.56.55757565620062006

0.150.152.52.54949505020052005

FOM (PFOM (P44L)L)LLanalyzedanalyzed

(pb(pb--11))
<P<PYY> (%)> (%)<P<PBB> (%)> (%)YearYear

Run 09
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Charged Charged HadronHadron AALLLL : : √√s = 62.4 s = 62.4 GeVGeV

� Hadron counts (N++, N+-) from 
PHENIX tracking detectors (DC, PC)

� Electron/positron background 
eliminated by RICH veto

� Asymmetry corrected for 
background from decays

� Polarization of both beams ~ 48%

�� Polarization uncertainty Polarization uncertainty 
((δδ<P<PBB.P.PYY>/<>/<PPBB.P.PYY> = > = 13.9 %) is an 13.9 %) is an 
overall scale uncertaintyoverall scale uncertainty

�� Uncertainty of relative luminosity           Uncertainty of relative luminosity           
δδR ~ 1.4x10R ~ 1.4x10--33 is neglected in is neglected in 
comparisoncomparison

For pT < 4.5 GeV, sensitive to qg process
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Charged Charged PionsPions
Charged Pions at √s = 200 GeV
� tracks with RICH hit (turn on at 4.7 
GeV/c)
� non-conversion e track removed by e/p cut 
� conversion e tracks removed comparing 
vtx with DC, PC
� could be useful to determine sign of ∆G

� Sensitive to sign of gluon 
polarization  
� preferred fragmentation : u����ππππ+ and 
d����ππππ-

� ∆∆∆∆u>0 and ∆∆∆∆d<0

DSSV PRD 80 (034030)
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Other ProbesOther Probes
η ALL : Phys. Rev. D 83, 032001

Direct photon

� Linear in ∆G
� No fragmentation, clean channel
� Isolation cut for photon candidates
� Large decay background, pion decay 
candidates excluded

� Photons from electromagnetic 
calorimeter
� Invariant mass reconstructed (similar 
to neutral pion analysis)
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Constraining Constraining ∆∆G Using AG Using ALLLL
�� Generate Generate ∆g(x) for varying for varying ∆∆G in GRSV fit, generate AG in GRSV fit, generate ALLLL for each for each ∆g(x) , , 

calculate calculate χχ22 for each expectation curvefor each expectation curve
PRL 103, 012003 (2009)

Considering only the statistical uncertainty :

∆g(x)

ALL
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Global Analysis : Global Analysis : ∆∆GG

• PRL101, 072001(2008) by de Florian, Sassot, Stratmann, and Vogelsang

• NLO global analysis using polarized DIS, SIDIS and pp results

• PHENIX √s = 200 and 62 GeV π0 data used

• RHIC data significantly constrain ∆G in range 0.05<x<0.2

• Parameterize PDF’s, calculate ALL with best fit PDF’s and calculate χ2 

with world experimental data, calculate best fit of ∆G
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OutlookOutlook

�� PHENIXPHENIX ππ00 data puts strong constraint on data puts strong constraint on ∆∆GG

�� Various channels to probe Various channels to probe ∆∆G are available at PHENIX G are available at PHENIX 

�� A variety of probing channels puts better systematic constraint A variety of probing channels puts better systematic constraint on on ∆∆GG

�� Charged Charged hadronhadron and charged and charged pionpion AALLLL’’ss could be useful in determining could be useful in determining 
sign of sign of ∆∆GG

�� Several recent results could be used in future global analysisSeveral recent results could be used in future global analysis

�� Looking at uncertainty at lowLooking at uncertainty at low--x region from DSSV plots, itx region from DSSV plots, it’’s s 
essential to extend the xessential to extend the x--range probed experimentallyrange probed experimentally

�� AALLLL results at results at √√s = 62.4 s = 62.4 GeVGeV and 500 and 500 GeVGeV from PHENIX will from PHENIX will 
extend the horizon of probed xextend the horizon of probed x--rangerange

�� Higher luminosity, higher polarization and possible trigger for Higher luminosity, higher polarization and possible trigger for 
charged charged pions/hadronpions/hadron will improve data significantlywill improve data significantly
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Thank YouThank You
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BackupBackup
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What is What is ∆∆G G 
�� Proton is a complex and Proton is a complex and 

composite structure of quarks composite structure of quarks 
and gluons with total spin of ½ and gluons with total spin of ½ ħħ

�� Total spin of a composite Total spin of a composite 
structure is sum of individual structure is sum of individual 
components (spin and orbital components (spin and orbital 
angular angular momentamomenta of quarks and of quarks and 
gluons)gluons)

�� Contribution of spin of all gluons Contribution of spin of all gluons 
in proton to the total spin of in proton to the total spin of 
proton is proton is ∆∆G (difference between G (difference between 
same and opposite same and opposite helicityhelicity
gluons in polarized proton)gluons in polarized proton)
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Why is it interestingWhy is it interesting
�� Quark spin was expected to carry Quark spin was expected to carry 

bulk of the proton spin (~ 60%)bulk of the proton spin (~ 60%)

�� EMC at CERN conclusively EMC at CERN conclusively 
measured quantities (spinmeasured quantities (spin--
dependent structure function) that dependent structure function) that 
contradicted the scenario of quark contradicted the scenario of quark 
spin being the major contributor spin being the major contributor 
to the proton spinto the proton spin

�� EMC and SLAC results indicated EMC and SLAC results indicated 
quark spin quark spin ∆Σ∆Σ contribute contribute a fairly a fairly 
small fraction (~25%)  small fraction (~25%)  to the to the 
proton spinproton spin

�� Is Is ∆∆G a major contributor?G a major contributor?
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Polarized DIS and Gluon PDFPolarized DIS and Gluon PDF

�� Polarized DIS were not Polarized DIS were not 
ideal for accessing gluon ideal for accessing gluon 
spinspin

�� Gluons interact only via Gluons interact only via 
strong force and leptons strong force and leptons 
do not interact via strong do not interact via strong 
forceforce

�� DIS probe gluon DIS probe gluon 
distributions only at distributions only at 
higher order interactions higher order interactions 
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UnpolarizedUnpolarized and Polarized Structure Functionsand Polarized Structure Functions
Unpolarized Polarized

�� Not enough data in different x,QNot enough data in different x,Q22 range from range from pDISpDIS exp to extract information with exp to extract information with 

satisfactory accuracy satisfactory accuracy 
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Polarized DIS and Gluon PDFPolarized DIS and Gluon PDF

�� BjorkenBjorken Scaling : At intermediate x and high QScaling : At intermediate x and high Q2,2,

gg11p 
p independent of Qindependent of Q2 2 and scales with xand scales with x

�� Scaling violation is observed as positive slope at Scaling violation is observed as positive slope at 
low x and negative slope at high xlow x and negative slope at high x

�� QQ22 evolution using DGLAP (evolution using DGLAP (DokshitzerDokshitzer--GribovGribov--
LipatovLipatov--AltarelliAltarelli--ParisiParisi) equation were used to ) equation were used to 
extract extract ∆∆g(xg(x) (*an indirect way)) (*an indirect way)
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Collinear FactorizationCollinear Factorization

�� A pp scattering process can A pp scattering process can 
be factorized into longbe factorized into long--term term 
and shortand short--term components term components 
as shown.as shown.
�� PDF’sPDF’s of of partonspartons (long)(long)

�� pQCDpQCD hard scattering crosshard scattering cross--
section (short)section (short)

�� Fragmentation function of Fragmentation function of 
hadronizationhadronization (long)(long)

�� Verify framework by Verify framework by 
comparing uncomparing un--polarized polarized 
crosscross--section with section with 
calculationscalculations

PDF FF
pQCDPDF
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DoubleDouble--Spin Asymmetry (ASpin Asymmetry (ALLLL))

�� Difference between two Difference between two 
helicityhelicity dependent crossdependent cross--
sections of particle production sections of particle production 
as a fraction of the unas a fraction of the un--
polarized cross sectionpolarized cross section

� ++ same helicity
� +- opposite helicity
� N++ (N+-) are counts of a 

produced species of particle 
with same (opposite) helicity
configuration of the colliding 
particles

� R = Relative Luminosity
= L++/L+-
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Accessing Accessing ∆∆G from AG from ALLLL
�� Using collinear factorization, one can express the pp cross sectUsing collinear factorization, one can express the pp cross section ion 

as :as :

�� The asymmetry is defined as :The asymmetry is defined as :

�� Assuming a Assuming a partonicpartonic process of process of qgqg scattering Ascattering ALLLL can be related to can be related to 
the the PDF’sPDF’s as :as :

�� With information of quark With information of quark PDF’sPDF’s from DIS, of fragmentation from DIS, of fragmentation 
functions from SIDIS and functions from SIDIS and ee++ee-- experiments and calculating experiments and calculating partonicpartonic
crosscross--section using section using perturbativeperturbative QCD, gluon polarization QCD, gluon polarization 
information information ∆∆g is extractedg is extracted
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AGS
LINAC

BOOSTER

Polarized Source

Spin Rotators

Partial Snake

200 MeV Polarimeter

AGS Internal Polarimeter

Rf Dipole

RHIC pC PolarimetersAbsolute Polarimeter (H jet)

PHENIX

PHOBOS
BRAHMS & PP2PP

STAR

Siberian Snakes

AGS pC Polarimeter

Helical Partial

Snake

Spin Flipper

RHIC as a Polarized RHIC as a Polarized pp--pp ColliderCollider

Siberian Snakes

• Proton bunches filled with alternating spin combinations

• Four different spin patterns are used to reduce false asymmetry

• Siberian snakes rotate spin vector so that, on average, depolarizing 

perturbations cancel on subsequent passes (and polarization is 

stable)

• Spin Rotators allow polarization to be changed from vertical to 

longitudinal or horizontal as required in interaction region

• Absolute (H-jet) and relative (pC polarimeter) polarization 

measurements

Longitudinal Spin Running in PHENIX

YearYear √√s s [[GeVGeV]]
L [pbL [pb--11] ] 

(recorded)(recorded) PolPol. [%]. [%]
FOM FOM 

(P(P44L)L)

20032003 200200 0.350.35 2727 0.00190.0019

20042004 200200 0.120.12 4040 0.00310.0031

20052005 200200 3.43.4 4949 0.200.20

20062006 200200 7.57.5 5757 0.790.79

20062006 62.462.4 0.080.08 4848 0.00420.0042

20092009 200200 1414 5757 1.51.5

20092009 500500 1414 3939 0.210.21



DIS 2011DIS 2011 26264/11/20114/11/2011

DSSV : Input world dataDSSV : Input world data26

�� Data selection: Data selection: 

semi-inclusive DIS data

so far only used in DNS fit

! flavor separation

“classic” inclusive DIS data

routinely used in PDF fits

! ∆q + ∆q

first RHIC pp data (never used before)

! ∆g

467 data pts in total (10% from RHIC)

Marco Stratmann, 
Spin’08


